The diallel schemes comprise a powerful strategy for the genetic study of the characters and the ability to match the genotypes, as well as to obtain information at the different stages of a genetic breeding program involving artificial hybridizations. Moreover, it presents importance for the adequate selection of the parents in generations of endogamy after the hybridization. The objective was identifying the potential of soybean crosses to obtain progenies with high grain yield. A partial diallel was carried out, where group I was composed of ten experimental lines with high grain yield, and group II was composed of five genotypes with resistance to white mold, as indicated in literature. Two field experiments were installed to estimate the general and specific combining ability, the first one with the 50 crosses and the second one with the 15 parents (I and II groups). At the R8 stage, grain yield in kg ha -1 of the crosses and the parents was evaluated. The comparison of means between the genotypes and heterosis was also calculated. Broad-sense heritability was estimated considering phenotypic, environmental and genotypic variances. The results indicated superiority of the crosses in comparison to the parents. Heritability was considered high for most crosses evaluated. Diallel analysis was effective in identifying F2 populations with higher genetic gain potentials.
Introduction
Soybeans originated in China and there are reports of cultivation dating to about 1500 BC (Qiu and Chang, 2010) . It took many years for western civilizations to notice the value of soybeans for food and afterwards, due to its protein value that provides multiple uses for it, there was a formation of an industrial complex destined to processing the grains, directing for production of oil and feed (Liu, 2008) . 10.30612/agrarian.v12i45.7413 Pereira et al., v.12, n.45, p. 286-295, Dourados, 2019 In Brazil, the introduction of soybeans occurred in the state of Bahia in 1882. Later, new cultivars arised and were introduced in São Paulo and later in Rio Grande do Sul, where soybeans were most successful (Balbinot Junior et al., 2017) .
Soybean, Glycine max (L.) Merr., is the world's most important oilseed crop. The agricultural sector has predicted the constant yield increase through the improvement of crop management and the use of improved cultivars (Acquaah, 2012) . Therefore, soybean breeding programs in Brazil have selected genetic materials with higher yield potential, ensuring productivity increases of 1.5 to 2% per year (Lange and Federizzi 2009, Balbinot Junior et al., 2017) . High yield is essential to profitable soybean production, particularly in a highly competitive market.
In breeding programs, the diallel schemes constitute a powerful strategy for the estimation of genetic components, such as the type of gene action and the combining ability among the parents, as well as to obtain information in different stages of a breeding program involving artificial hybridizations. Information on general and specific combining ability effects is very important in making the next phase of a breeding program (Bernardo, 2010) .
In addition, it is present special importance for the adequate choice of the parents in early generations of endogamy, after hybridization (Falconer and Mackay, 1996) . Some studies involving traits of agronomic interest in soybean have provided base material for the soybean improvement program through methodologies of diallel crosses (Gavioli et al., 2008; Cho and Scott, 2000) .
In view of the above, the objective with the research was of identifying the potential of soybean crosses to obtain progenies with favorable agronomic characteristics, with emphasis on grain yield.
Materials and Methods
The genetic material used in this research involved 15 soybean genotypes (Table 1 ) used in a 10 x 5 partial diallel with of 50 crosses (Table  2) . Group I was composed of ten parents classified with high yield potential, wide adaptability and resistance to the main diseases and pests, developed by the Department of Genetics, ESALQ-USP. Group II was composed of five genotypes, three commercial cultivars (Caiapônia, EMGOPA 313 and MSOY 6101), an experimental line (A4725RG by Monsanto) and a plant introduction (PI 153.282) with some degree of tolerance to white mold (Table 1) . In the agricultural year 2012/13, two experiments were conducted at Department of Genetics, ESALQ/USP, in Piracicaba (22º42'30 "S, 47º38'10"W, 539 meters altitude) with tropical and semiarid conditions (rainfall 1255 mm, average annual temperature: 20.8°C, minimum 12ºC, maximum 35°C), the soil management in the experiments were according to the recommendations for soybean crop. And insects were controlled with biological and chemical insecticides and weeds with herbicides. The first experiment included the 50 diallel crosses (F2 generation) and three common checks (CB07-958-B, BRS133 and MSOY8001), with ten replicates; and the second experiment included the 15 parents and the same three common checks, with four replicates. The common checks were useful to obtain the environment variance.
In both experiments, the experimental plot had an area of 1.5 m 2 .
After harvesting each plant per each plot, the grain yield (GY) in g.plant -1 was quantified. The data obtained were transformed to kg.ha -1 .
Analyzes of the experimental data of the F2 plants were performed using the statistical programs R (version 3.4.1) and the GENES (version 2017.26). A residual distribution analysis was performed by residual graphs to verify if the ANOVA assumptions. In addition, the data transformation was verified from the Bartlett and Shapiro-Wilk tests (Snedecor and Cochran, 1989) .
With the adjusted means, the analyses of variance were carried out in a random blocks experimental design, represented by the following mathematical model:
Where: is the observed value for the plant k of genotype i in the repetition j;
is the fixed effect of the general mean of the experiment; is the random effect of genotype i;
is the random effect of repetition j; ( ) : is the random effect of the experimental residue of the plot that received the genotype i in the repetition j, assuming that the residues are independent and normally distributed with zero mean and variance σ 2 ; ( ) is the random effect of the experimental residue of plant k within plot ij.
For the sources of variation with F-test significant in the ANOVA, the grouping of means proposed by Scott-Knott (Scott and Knott, 1974) was carried out.
The heterosis was estimated according to Vencovsky and Barriga (1992) for each cross, with the necessary adaptation to the F2 generation, so that the results were expressed at the level of F1, according to the following expression:
Where: ℎ is the heterosis (%) of the cross; is the mean of the F2 plants of the cross; and is the mean of the parents involved in the cross.
The genotypic variance of each cross was obtained from the difference between the variance within of each crossing (F2 generation) and the mean of the variances obtained within the checks, estimated in the analysis of variance involving a randomized block design with information within plot.
In order to estimate the broad-sense heritability coefficients, phenotypic, environmental and genotypic variances were obtained according to Bernardo (2010) and are described below:
is the phenotypic variance obtained from the variance within crosses in F2 generation. As F2 plants have high frequency of heterozygous genotypes, this variance has a genetic and an environmental component;
is the environmental variance estimated from the mean of the variances within the checks used in the experiment. As the checks are homozygous genotypes, this variance is completely environmental;
is the genotypic variance estimated from the difference between the variance within crosses in the F2 generation and the variance within the checks. It is assumed that the environmental effect acts in the same way on the checks and F2 plants.
Therefore, the coefficients of heritability in the broad sense in percentage (ℎ ), were estimated according to the expression:
The general combining abilities of the parents and the specific combining abilities of the crosses were estimated according to method 4 of the Griffing model (1956) , adapted for partial diallel by Geraldi and Miranda Filho (1988) by the GENES program, according to the following model:
Where is the mean of the cross involving the parent i of group I and the parent j of group II; is the general mean of the diallel; is the effect of the general combining ability of the parent i of group I;
is the effect of the general combining ability of the parent j of group II;
is the effect of the specific combining ability of the cross between the parents i and j; and is the mean experimental error.
Results and Discussion
From Table 3 , it is possible to observe the means of crosses, for grain yield, obtained by the Scott-Knott test.
The mean of the crosses (3046 kg.ha -1 ) was higher than the mean of the parents (2996 kg.ha -1 ). Four groups (a, b, c and d) were significantly different from each other by the Scott-Knott (SK) test. The highest GY means, were 4413 kg ha -1 (Cr.148: USP93-05.552 x A4725RG), 4137 kg ha -1 (Cr.102: USP14-01-20 x PI153.282), 4129 kg ha -1 (Cr.132: USP70.080 x PI153.282), 4107 kg ha -1 (Cr.133: USP 70.080 x A4725RG), 4083 kg ha -1 (Cr.149: USP 93-05.552 x EMGOPA313) and 4060 kg ha -1 (Cr.134: USP 70.080 x EMGOPA 313). These crosses have their means higher than the parents involved in the corresponding cross. For example,the crosses 102 and 132 involved the parent PI 153282, which presented the lowest average GY (1860 kg.ha -1 ) among the parents.
The summary of the analysis of variance for the partial diallel in the F2 generation presented significance for additive and nonadditive effects (Table 4) . From analysis variance, was possible observe information regarding the phenotypic variance of each cross for GY. The importance of the phenotypic variance for each crossing is associated with the degree of significance that was found for 14 of 50 crosses. Significance at 5 % was found for one cross, and below 1 % for eleven crosses. The obtained environmental variance was useful to estimate the genotypic variance of each cross and the heritability of GY, presented in Table 5 . The heterosis also presented in Table 4 ranged from -81 % at cross 129 (USP70.057 x EMGOPA313) to 131 % at cross 132 (USP70.080 x PI153.282). Overall, 50 % of the crosses showed negative heterosis, nine of a total of 10 crosses involving the EMGOPA 313 parent had negative heterosis, meaning that the averages of these crosses was lower than the average of the parents. The contrary was observed for the A4725RG parent, since the crosses involving this genitor had positive values for heterosis, except the crossing 128 (USP 70.057 x A4725RG). Pereira et al., v.12, n.45, p. 286-295, Dourados, 2019 In relation the combining ability estimates (Table 5) , the most potential parents were: USP 70.080 and USP14-01-20 from group I and A4725RG and EMGOPA313 from group II. The parents that contributed to decrease the GY, presenting negative gi effect were USP70.109 and USP70.057 of group I and Caiapônia and PI153.282 of group II. The highest sij values were found in the crosses 102 (USP14-01-20 x PI153.282), 126 (USP 70.057 x MSOY6101), 148 (USP93-05.552 x A4725RG), 132 (USP70.080 x PI153.282) and 145 (USP70.109 x Caiapônia). Only crosses 148, 102 and 132 are among those crosses with the highest GY means, which can be explained by the participation of at least one parent with high yield potential. In addition, the heterosis of these three crosses was extremely high (98 %).
The mean of the crosses was higher than the parent means, indicating that it is possible to obtain progenies superior to the parents, that is, transgressive genotypes for GY. Similar result was found in the work of Pandini, Vello and Lopes (2001) , in which more than half of the crosses presented mean GY higher than the parents. The high grain yield observed in the best crosses can be explained by the favorable combination of the alleles in the parents. For example, crosses involving the parent EMGOPA313 have shown that the parent in question has a good GCA estimative and transmits well to offspring. Diallel analysis was effective in identifying F2 populations with higher genetic gain potentials. In a practical point of view, a breeding program has benefits with the information about the estimates of general combining ability (GCA) and specific combining ability (SCA). The first refers to the mean performance of a parent in hybrid combinations, while the second refers those cases in which certain combinations are shown to be relatively better or worse than that could be expected based on the average performance of the parents (Resende et al., 2016) .
There was significance for GCS and SCA, as well as founded by Daronch et al. (2014) and Rocha, Pereira and Vello (2018) . The additive variance, expressed by the mean of GCA, is comparatively higher than the non-additive variance, similar fact was observed by Oliveira et al. (2014) . This denotes, therefore, that the best strategy is the use of intrapopulation improvement (Falconer and Mackay, 1996) .
Crosses with high genetic variance may have variability to be explored in the search for superior genotypes. Although most crosses showed high heritability, this result does not match to the quantitative nature of the character, a fact that can be explained by the presence of gene dominance, which may be a considerable impediment to selection in early generations (Vencovsky and Barriga, 1992) . These high values can be compared with the GY heritability in topcrosses of high genetic diversity (Yokomizo et al., 2000) . Some negative heritability values were obtained when the estimate of the environmental variation was higher than the genetic one.
The knowledge of heterosis is important for a pre-selection of crosses, since more heterotic crosses are associated with greater divergence between the parents (Friedrichs et al., 2016) . When heterosis is present for quantitative traits such as seed yield, it may indicate that the parents contrast sufficiently so that the diversity between the parents can be captured in a transgressive recombinant progeny (Taliercio et al., 2017) . In the F1 generation, Colombari Filho et al. (2010) found heterosis ranging from 6 to 57 %. Chaudhary and Singh (1974) also found values above 68 %.
The USP70.080 and USP14-01-20 parents also presented higher GCA values on the study of Oliveira et al. (2014) . These parents may be useful to form a new base population for the selection of productive and superior genotypes in segregating generations. According to Cho and Scott (2000) , the parents with the highest GCA values are related to the most productive combinations. Since the GCA is composed mainly from additive variance and additive epistatic variance, it may contribute significantly to the variance of GCA estimates (Bhullar et al., 1979) .
The use of the partial diallel in the F2 generation for grain yield may be a good strategy to associate with marked assisted selection in the F3 generation to reduce de number of crosses or plants to be analyzed with the markers (Yang et al., 2015) .
Conclusion
In general, three crosses (148, 102 and 132) had the best performance for grain yield, where, possibly, there was a complementarity of the loci generating a better than that expected combination based on the GCA of the respective parents. These three crosses could be use especially to investigate the reaction for white mold. Diallel analysis was effective in identifying F2 populations with higher genetic gain potentials.
